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Purification method 

The present invention relates to a method for purifying a recombinant glucose 
binding protein, in particular the lectin Concanavalin A (Con A). The method 
5 specifically utilises a buffer in which impurities, such as glycogen and other 
substances are soluble, but in which the protein remains insoluble. The use of such 
buffer^; arid the purified pfbteiris ate also described. 

Con A is the best-characterised member of a large family of homologous 
10 carbohydrate-recognising proteins abundant in the seeds of leguminous plants [1]. 
Con A was the first of the legume lectins to be isolated [2] and is specific primarily 
for mannose, glucose and polysaccharides carrying these as a-linked non-reducing 
terminal sugars [1]. The saccharide specificity of Con A (found in the Jackbean 
Canavalia ensiformis) is similar to that of the closely related lectins from pea (Pisum 
15 sativum), lentil (Lens culinaris) and broad bean (Vicia faba). In addition to these 
members of the "Glucose/Mannose Group", there are many other lectins from 
leguminous and other sources with very different specificities [1]. 

The natural plant source is rich in Con A (about 10% by weight of the 
20 Jackbean seed) and a saline extraction process produces crystallisable lectin [2]. 

However, the well-established method of purification is by affinity chromatography . 
utilising the bio-specificity of this protein. Con A was the first lectin to be isolated by 

'-.:{ i 

this technique. It binds readily to a cross-linked dextran gel (primarily arra-(l— >-6) 

■ '" ..." "'' 

linked glucose polymer in beaded form, e.g. Sephadex G-75™ T and may/be 
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specifically eluted with a cognate monosaccharide for example, glucose, mannose or 
derivatives [3, 4]. This straightforward affinity purification methodology is widely 
used to produce commercially available native Con A and related lectins from their 
natural sources (e.g. Sigma-Aldrich Co., Poole, UK: Biochemicals and Reagents 
5 Catalogue 2002-03). 

At neutral pH, Con A is a tetramer of non*glyeosylated subunits each of a 
molecular weight of 25,600 Da, but preparations of native Con A contain variable 
amounts of two smaller polypeptide fragments in addition to these intact subunits [1]. 
10 These fragments are the result of incomplete post-translational processing involving 
proteolytic cleavages, re-ligation and circular sequence permutation of precursor 
proteins during the complex biosynthesis of this lectin in the developing seed 
(summarised in [5] and [6]). The mature form of Con A is circularly permutated with 
respect to legume lectins. However, the amino acid sequence derived from the cDNA 
15 for the Con A precursor (pro-Con A) has direct, and not circular homology with other 
legume lectins. Therefore, a post-translational transposition and ligation (at mature 
protein residues 118 and 119) of two polypeptides must occur. Furthermore, the pro- 
Con A made in the plant is glycosylated, and unable to bind to cross-linked dextran. 
The oligosaccharide is removed prior to the proteolytic cleavages during post- 
20 translational processing in the plant. 

It is desirable to express the various forms of this protein from cloned DNA 
sequences. This would allow the processing intermediates which are difficult to 
isolate from the plant to be obtained, in order to study the mechanism of their 



biosynthesis. It would also enable the structure and/or function of any form to be 
manipulated by protein engineering (site-directed mutagenesis). In addition a secure 
and (in principle) unlimited^ and highly. consistent supply of any form of the protein . - 
would be produced for any purpose for which this might be required {e.g. EDA 
5 requirements). 

For many current uses the natural and commercially available Jackbean- 
... .derived JectixL-m^ mature Cqn A r expressed 

directly in bacteria from re-ordered segments of precursor DNA, has not undergone 
the plant biosynthetic process and hence is uncontaminated with the smaller 
10 polypeptide fragments mentioned earlier. This recombinant protein might thus be 
superior to the native protein for some applications. 

The first forms of recombinant Con A expressed corresponded to precursors 
present in developing seeds: pre-pro-Con A [7] and pro-Con A (non-glycosylated) [5]. 
Later forms included subunit fragments (A-chain and B-chain) [8], mature lectin [6] 
15 and various further derivatives of these proteins. Active recombinant forms of Con A 
following expression in bacteria (Escherichia colt) have been purified utilising the. . 
process described by Min et al. [5]. This procedure is summarised below from the 
point of harvesting of bacterial cells that had earlier been induced to express and 
accumulate recombinant lectin in liquid culture. 
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Cells were collected and resuspended in 50 ml MOPS-metals buffer (20 mM 
MOPS [3-(iV-morpholino)propanesulphonic acid] pH 7.0, 1 mM CaCl 2 , 1 mMMnCl 2 , 
1 M NaCl ) and lysed by sonication (3 x 30 s) on ice. The lysate was placed on ice for 
1 h followed by centrifugation at 27 000 X g for 30 min at 4 °C. The supernatant was 



used as a soluble extract and subjected directly to dextran affinity chromatography 
(see below). However, the major portion of recombinant lectin was found in the 
- -pelleted debris after cell lysis and ^-this insoluble^material was refolded as foUows. -- - ^ - - 
The pelleted cell debris was resuspended in 2 ml denaturant (7 M guanidine 
5 hydrochloride in MOPS-metals buffer) and placed on a rotator overnight at 4 °C. 
Following centrifugation (27 000 g for 30 min at 4 °Q supernatant was mixed for 30 
;rsc! .^-.-.rajn-with^^ same deBaturanfe-[9^^v ^~>~ 

then centrifuged as before. The DEAE-Sephacel pellet was discarded and the 
supernatant diluted at least 30-fold with MOPS-metals buffer, kept for 1 h at room 
10 temperature, men centrifuged as before. 

Dextran affinity chromatography [1]: either cell lysate containing de novo 
soluble product or product solubilized from pelleted cell debris by denaturant and 
refolded (as above), was passed down a column (10 x 65 mm bed) of Sephadex G-75 
{Pharmacia, dry particle size 40 - 120 urn). A new column of affinity matrix was 
15 used for each separation to avoid cross-contamination. The sample was loaded at a 
low flow rate (0.05 - 0.1 ml/min) and the column washed (0.5 - 1 ml/min) to base 
line A 28 o with MOPS-metals buffer, then eluted (0.2 ml/min) with 1 or 10 mM methyl 
a-D-mannopyranoside in the same buffer and any A 2 so peak collected. 

There are some problems with this method regarding the reproducibility, the 
20 quality and quantity of the recombinant protein produced. Stained SDS-PAGE 
(Sodium Dodecyl Sulphate - Poly Acrylamide Gel Electrophoresis) indicates that 
usually one protein species is isolated and Western blotting and N-terminal protein 
sequencing identify this as a form of Con A [5]. However, the yield of recombinant 
product is low and unreliable. The purity is called into question by broadening of the 



monosaccharide-elution A 28 o profiles during affinity chromatography (Fig. 1), relative 
to the sharp profiles indicating homogeneous binding which are observed with 
authentic native Gon A samples. Sometimes chromatography columns can become- 
blocked by formation of some insoluble material or eluted fractions may show 
turbidity. Furthermore, the UV absorption spectrum of the material obtained (Fig. 2) 
indicates the presence of nucleic acid-derived contaminants resulting in over- 
?s«stimatio^of-the»protein' concentration- relative--to that expected from^teHninal 
sequencing results [5]. 

The isolation procedure was based on earlier methods [9] for recombinant pea 
lectin, and was also used by other workers on this protein [10], [1 1], [12]. Native pea 
lectin has similar properties to Con A and it would seem probable that similar 
problems might be encountered with this procedure as used with recombinant pea 
lectin. There appears to be no evidence that such possible inconsistencies have been 
eliminated in working with proteins related to Con A It therefore appears that there 
are some further possible factors which compromise the quality and quantity of 
recombinant products obtainable. 

The problems and inconsistencies given above are not simply the result of low 
expression levels of recombinant product, since changing the expression plasmids to 
newer higher level vectors did not overcome the difficulties of purification but rather 
highlighted them. The cellular location of the expressed product is periplasmic [5], 
although similar difficulties are also expected for product accumulating in the 
bacterial cytoplasm. During the isolation procedure outlined above, other 
molecules/macromolecules present in the bacterial cell are released and carried 



through the process where they can interfere with the purification of active soluble 
forms of Con A and contaminate and form complexes with the preparations obtained. 

•• . Evidence for the presence of interfering materials was obtained by adding pure . 
soluble (commercially-available) native Con A to extracts of bacterial cells not 
5 capable of expressing recombinant lectin. In these "spiking" experiments, precipitates 
formed and poor recovery of the added protein was obtained. On addition of 
-^competing monosaccharide (methyl- a-D-mannopyranoside at a concentration. ofr-10 - 
mM), these precipitates re-dissolved: showing that their formation was dependent on 
the binding activity of Con A. The interfering materials could not be removed from 
10 Con A by dialysis, including dialysis in the presence of competing monosaccharide, 
consistent with macromolecular properties for some of the components. 

The applicant has found that one of the interfering substances is glycogen 
synthesized in the bacterial cell, and that this can form a complex with active Con A 
which may trap oilier molecules such as nucleic acid derivatives and other substances. 
15 The presence of glycogen would reduce the quantity of recombinant lectin isolated 
and compromise its quality by contaminants. However, materials other than glycogen 
may also cause purification problems. 

Glycogen is a storage polymer of glucose units mostly linked a-(l-»4) with 
frequent a-(l->6) branching, thus carrying multiple terminal non-reducing a-glucose 
20 units [13] which can serve as receptors for Con A through the "chain-end mechanism" 
. of interaction [1]. Sumner and Howell [2] first showed that native Con A could 
precipitate glycogen and Goldstein and So [14] demonstrated that it formed 
precipitates with a wide range of polysaccharides including glycogen from 
Escherichia colt This bacterium contains at least as much glycogen (2.5 % dry 



weight) as it does peptidoglycan in its cell wall [15]. The accumulation of glycogen is 
increased in carbon-rich media and is inversely related to growth rate [16], [17]. The 
molecular weight of glycogen from E. coli -ranges from Iff - 10 8 [15], [17]: well, 
above the cut-off of dialysis membranes. 
5 The high starch content of the Jackbean seed does not seem to cause similar 

problems in the isolation of native Con A from its natural source. This is at first 
.-- surprising,-, since- me basis chemical structure of .starch and glycogen is-very. similar, . 
However, in plant cells starch grains are formed which can retain the polysaccharide 
in an insoluble form, whereas in the bacterial cell glycogen is soluble in the cytoplasm 
10 and would be released on cell breakage. It was confirmed by experiment that 
Jackbean seed meal did not release soluble starch into MOPS-metals buffer, but that 
the insoluble material tested positive for starch with iodine. Whereas some Con A is 
probably lost by adsorption to starch grains during extraction from its natural source 
so decreasing the quantity obtained, this insoluble material would be removed by 
1 5 centrifugation so that appreciable amounts of starch would not be carried through the 
process to affect the quality of the preparation. Therefore, the problem of glycogen 
forming a complex with recombinant Con A is a consequence of the use of a bacterial 

cell as expression host. 

It is desirable to produce pure soluble homogeneous active recombinant Con 
20 A but problems arise whenever active lectin contacts some cell components, of which 
glycogen is a major though not the sole interfering molecule. Although there are a 
number of potential methods by which the product might be separated from cell 
components, such as making soluble extracts of periplasm only i.e. without releasing 
• cytoplasmic contents, acetic acid extraction of Con A from cell debris, extraction in 
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the presence of competing monosaccharide, and amylase digestion of glycogen then 
dialysis, these have all been unsuccessful. 

Expression^experimentsin mutant E. coli strains [18] which were defective in 
glycogen synthesis have also been carried out. When preparations were made as 
described earlier [5], broadened affinity elution peaks were still obtained (Fig. 3) - 
though different in profile than those from glycogen-containing host cells (Fig. 1). 
..Although the<UV spectral- scan was improved (Fig; 4)' compared to-glycogenv 
containing cells (Fig. 2), the purity was still not comparable to native plant Con A 
(Fig. 2). Besides nucleic acid derivatives, other possible contaminating cell 
components might include lipopolysaccharides, especially from E. coli B-derived 
strains since these are possible Con A receptors [19]. 

The problem could be solved in principle if the interfering substances could be 
solubilised and removed, whilst retaining the accumulated recombinant lectin as an 
insoluble form, which could later be dissolved in denaturant, refolded and recovered 
by affinity chromatography. The major portion of recombinant lectin was generally 
present in the fraction insoluble in MOPS-metals buffer as used in Min et al. [5], but 
this buffer did not successfully remove the interfering substances (Figs. 1 - 4). 
Therefore there is a need for solution formulations and a washing regime that 
successfully accomplishes the removal of interfering molecules with minimal losses 
of desired protein product. 

The possible nature of the insoluble Con A protein contained in this fraction 
[5] must.be considered when designing such solution formulations. During high level 
expression of proteins in heterologous environments, especially bacterial hosts, it is 



not unusual for dense aggregates of inactive recombinant protein to form. It is 
generally accepted that these aggregates or ''inclusion bodies" are the result of 
aggregation of partly-folded or misfolded- protein chains [20] produced - at high 
concentrations in an environment which is not conducive to proper folding. Most 
examples of such insoluble misfolded aggregates have been produced in the bacterial 
cytoplasm, but they are also known to form when the product is secreted to the 

. periplasm. Periplasmic inclusion- bodies may be amorphous and hence more easily 
dispersed than highly regular dense cytoplasmic inclusion bodies [21]. The various 
forms of recombinant Con A have also been directed to the periplasm, as in Min et al. 
[5]. Therefore it could not be assumed that conventional isolation procedures [22] for 
cytoplasmic inclusions would be adequate. Furthermore, in developing jack bean 
seeds Con A accumulates in protein bodies [23] in an insoluble but active form (since 
a saline extract can bind to dextran columns) [4], [24]. Thus, the possibility that some 
of the recombinant lectin in the insoluble bacterial fraction is likewise correctly folded 
and active but has precipitated in the confines of me periplasm cannot be excluded. 
Any such active form may specifically bind cell components of appropriate structure, 
in addition to any non-specific binding which may also be shown by inactive forms of 
Con A Thus mere is a need to remove interfering bacterial substances from active as 

well as inactive Con A. 

Incorrectly folded aggregated proteins are expected to remain insoluble in me 
absence of very harsh conditions so that e.g. chaotropic denaturante or very strong 
alkali are avoided here. Native Con A is soluble in acidic conditions, but is inactivated 
and aggregates at pH > 8.5 [24], [25]. Low ionic strength (I < 0.3) decreases the 
stability and solubility of native Con A [26], and divalent cations (Mn 2+ and Ca 2 ^ are 
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required to maintain its activity [24]. Therefore, a buffer about pH 9, effective at low 
ionic strength and compatible with a metal-chelating agent, is required. 

Thus,.in the first aspect the present-invention provides a method of purifying a 
recombinant glucose binding protein expressed in a non-plant host cell comprising 
using a low ionic strength buffer with a pH between 8.5 and 9.5. In a preferred 
embodiment the pH of the buffer is 9.05 to 9.25 and I< 0.1. 

. .The term "low ionic strength" as used herein means I < 0.3, and preferably I < . 

0.1. 

Two buffering compounds have been found that meet the criteria above: 
CHES {2-(cyclohexylamino)-ethanesulphonic acid} with pK = 9.50, or borate {as 
Na 2 B 4 O 7 .10 H 2 0, disodium tetraborate decahydrate or borax with pK = 9.24 (at 25°C, 
[27]). Experiments at pH 9.1 using CHES showed that this approach would work, but 
borate gave better indications of protein purity and was preferred over CHES. Borate 
is used at a pH close to its pK to maximize its buffering capacity at a low ionic 
strength [27]. The disodium salt of emylene-diamine-tetra-acetic acid (EDTA.Na 2 ) 
was included to chelate metal ions [27]. 

Thus in one preferred embodiment of the invention the buffer comprises 

CHES or borate. 

The solution should dissolve carbohydrates including polysaccharides 
(glycogen) and small cell wall fragments, nucleic acids for example DNA, RNA and 
any fragments and derivatives, lipid materials such as lipopolysaccharides, membrane 
and other lipids. As the desired protein is insoluble, but the interfering materials, 
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especially the carbohydrates are soluble, the protein can be easily separated from the 
contaminants. 

.. Borate has useful properties with regard to the above. It readily forms;-, 
negatively charged soluble complexes with neutral polysaccharides and has long been 
used for their separation [28]. Borate is also used (together with EDTA) as a 
component of buffers to dissolve DNA and RNA during their electrophoretic 
separation [29].. BDTA is - also-used to liberate .lipopolysaccharide from E., eoli {19]-. - - 
The non-ionic detergent Triton-X-100 was included in the first washing step to 
solubilise lipid materials [27]. 

In addition the solution should ideally provide conditions which promote the 
release of any specifically-bound contaminants by any active Con A present. The 
solution should compete with or release molecules recognised by Con A. This 
property should also be easily eiirninated and not carried through to the affinity 
chromatography steps, so that it could not then prevent the desired binding to dextran 
beads and recovery of active refolded lectin. 

Release of any specifically-recognised substances as above might be achieved 
by using a monosaccharide to compete for the binding site of Con A. However, 
another advantageous feature of borate is its ability to inhibit precipitation of 
polysaccharides by Con A [30] and to specifically release carbohydrates (including 
glycogen) tightly bound to Con A [31], [32], and bound to closely related lectins [33], 
[34]. Borate can also be easily removed from precipitates by aqueous washing. 

In one particularly preferred embodiment the buffer comprises borate, more 
preferably 20 mM Borax (Figs. 5 - 8). 
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The term "glucose binding protein" refers to any protein, polypeptide, or 
fragment thereof which specifically binds to glucose, i.e. has a binding affinity for 
glucose as might be indicated by a dissociation constant CM of about 10" 2 M and all 
values below this. 

Such proteins may include any enzymes of glucose, glycogen or starch 
metabolism, receptors and lectins, in particular Con A. The present invention also 
..^ W a^..v^om,ferais,of^ese. protein?, such, as: pre-pro.-proteins, propproteins, 
mature (fully processed) proteins, and any tetrameric, dimeric or monomeric forms 
howsoever modified in their quaternary structure. Mutant forms of the protein that are 
still active, i.e. retain the ability to bind to glucose are also covered by the invention. 
Thus, for instance proteins or polypeptides which include one or more additions, 
deletions, substitutions or the like are encompassed by the present invention. la addition, 
it may be possible to replace one amino acid with another of similar "type". For instance 
replacing one hydrophobic amino acid with another. Such mutants can include 
fragments of the protein, provided that the ability to bind glucose is retained. 

Furthermore, such proteins may have one or more binding sites for specific 
sugars (including glucose) i.e. they may be multivalent, where valency refers to the 
number of carbohydrate binding sites per protein molecule. Any modified or mutant 
recombinant forms where the valency has been altered or reduced below that naturally 
found, but where at least one active site has been retained, are covered by this 
invention. For instance in the case of Con A, the valency might be reduced below 4 
active sites to 3, 2, or 1 active sites per protein molecule - whether or not the number 
of subunits was also varied. Provided one or more active sites is retained in the 
assembled quaternary structure regardless of the number of subunits (protomers, 
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monomers) comprising that structure, then the present invention encompasses any 
such variable and low valency forms. 

In another, aspect, the present . invention provides a recombinant glucose 
binding protein substantially free of glycogen, and optionally other impurities. The 
protein is preferably a lectin, more preferably Concanavalin A or a mutant or variable 
valency or low valency form thereof. 

"Substantially, free" - as used herein means that there is less than 5% glycogen 
present, more preferably less than 2.5%, 1.0% or 0.5% glycogen. Most preferably the 
protein is contaminated with less than 1% impurities including glycogen. 

The present invention will now be described in the following Example, which 
refer to the figures listed below. 

Figure 1. Dextran affinity chromatography elution profile for recombinant mature 
Con A refolded from the bacterial cell fraction insoluble in MOPS-metals buffer. 

The vertical axis represents Absorbance at 280 ran (A 28 o) with full scale 
(100%) set to 0.2 A 28 o- The horizontal axis represents elution volume with time 
progressing from left to right (flow rate = 0.2 ml/min, chart speed = 0.5 mm/min). 

Refolded protein (obtained fromlOO ml bacterial culture) in MOPS-metals 
buffer (45 ml) was pumped slowly (0.1 ml/min) down a column of Sephadex G-75 as 
in Min et al. [5]. The column was washed to baseline A 2 go at 0.5 ml/min and then 
eluted as shown: firstly with 10 mM, and then with 100 mM methyl a-D- 
mannopyranoside at 0.2 ml/min. 
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A typical A 280 profile is shown with a small broad peak eluting at the lower 
monosaccharide concentration and further material eluting progressively after the 
competing monosaccharide concentration is raised. (The soluble fraction from these 
cells applied directly to the affinity column produced material which could only be 
eluted at 100 mM methyl a-D-mannopyranoside.) Peak sizes and shapes were 
variable in different experiments. 

Figure 2. UV spectral wavelength scan after affinity chromatography of recombinant 
mature Con A (refolded from the bacterial cell fraction insoluble in MOPS-metals 
buffer). 

Peak fractions (F4, F5) eluted by 10 mM methyl a-D-mannopyranoside from 
a dextran affinity column were examined by UV spectroscopy in a Beckman DU-650 
spectrophotometer using the elution buffer as a reference. A commercial sample 
(Sigma Type IV) of native Con A purified from jack beans was included as a standard 
(ST) for comparison, showing a typical protein absorption spectrum with maximal 
absorbance around 280 nm. Peak fractions (F4, F5) show a relatively flat spectrum 
with no such maximum. The ratio (A 280 /A 260 ) for each scan was F4, 0.92; F5, 0.96 
and ST, 1.72. This indicates entrapment of nucleic acid-derived materials in these 
peak fractions which had been eluted from the dextran column by a monosaccharide 
highly specific for the binding site of Con A. 
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Figure 3. Dextran affinity chromatography elution profile for recombinant mature 
Con A refolded from the fraction insoluble in MOPS-metals buffer obtained from 
glycogen-deficient mutant bacterial cells. 

5 The vertical axis represents Absorbance at 280 nm (A 280 ) with full scale 

(100%) set to 0.5 A 28 o. The horizontal axis represents elution volume with time 
- progressing from left to right (flow rate = 0.2 ml/min, chart ^eed = 0:5 mmVmin). 

Refolded protein (obtained from 250 ml bacterial culture) in MOPS-metals 
buffer (90 ml) was pumped slowly (0.1 ml/min) down a column of Sephadex G-75 as 
10 in Min et ah [5]. The column was washed to baseline A 280 at 0.5 rnl/min and then 
eluted with 10 mM methyl a-D-mannopyranoside at 0.2 ml/min. 

A typical A 28 o elution profile is shown with a broadened noisy peak. (The 
soluble fraction applied directly to the affinity column produced small peaks eluting at 
10 mM methyl a-D-mannopyranoside if glycogen-deficient mutant cells were grown 
15 at reduced temperature (28*C instead of 37°C).) Peak sizes and shapes were variable 
in different experiments. 

Figure 4. UV spectral wavelength scan after affinity chromatography of recombinant 
mature Con A (refolded from the fraction insoluble in MOPS-metals buffer) obtained 
20 -from glvcogen-deficient mutant bacterial cells. 

A peak fraction eluted by 10 mM methyl a-D-mannopyranoside from dextran 
affinity chromatography was examined by UV spectroscopy in a Beckman DU-650 
spectrophotometer using the elution buffer as a reference. This scan is now closer to 
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pure Con A than the peak fractions shown in Fig. 2, but still shows elevated 
absorbances at wavelengths below 280 nm compared to pure Con A. The ratio 
(A 28 o/A 2 6b) obtained was 1.06, well below the value for pure Con A (Fig. 2).- 
Elimination of glycogen synthesis from the host cells expressing recombinant Con A 
appears to have improved the product, but not solved all the problems of 
contaminating materials. 

Figure 5. Dextran affinity chromatography elution profile for recombinant mature 
Con A refolded after using the Borate Wash Method. 

The vertical axis represents Absorbance at 280 nm (A 28 o) with full scale 
(100%) set to 0.2 A 280 . The horizontal axis represents elution volume with time 
progressing from left to right (flow rate = 0.2 nti/min, chart speed = 0.5 mm/min). 

Insoluble material, obtained from 100 ml bacterial culture (not a glycogen- 
deficient mutant) after processing by the Borate. Wash Method, was refolded in 
MOPS-refolding buffer (45 ml) and then pumped slowly (0.1 nuVmin) down a column 
of Sephadex G-75. The column was washed to baseline A 280 at 0.5 ml/min and then 
eluted with 10 mM methyl arD-mannopyranoside at 0.2 ml/min. 

A typical A 28 o profile is shown and the sharp symmetrical peak indicates that a 
single homogeneous component has been specifically eluted by the competing 
monosaccharide. No further A 28 o-detectable material was eluted if the concentration 
of methyl a-D-mannopyranoside was raised to 100 mM. Sharp symmetrical peaks 
were consistently obtained in repeated experiments, with tiie_shape invariant and the 
size (area) dependent on the amount of recombinant Con A derivative being purified. 
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Figure 6. UV spectral wavelength scan following affinity chromatography of 
' recombinant mature Con A refolded after using the Borate Wash Method. 

5 A typical peak fraction eluted by 10 mM methyl a-D-mannopyranoside from dextran 
affinity chromatography examined by UV spectroscopy in a Beckman DU-650 
spectrophotometer usingthe elution buffer as areference. The shape of the absorption 
spectrum, and the ratio (A 280 /A M o) of 1.68, now compare very well with pure plant- 
derived Con A (Fig. 2). UV spectra with these characteristics were consistently 

10 obtained in repeated experiments employing the Borate Wash Method and indicate 
that it removes substances previously found to interfere with purification of 
recombinant Con A variants. 

Figure 7. Stained SDS-PAGE showing repeated purification experiments on 
1 5 recombinant mature Con A using the Borate Wash Method. 

Sodium Dodecyl Sulphate - Poly Acrylamide Gel Electrophoresis (SDS- 
PAGE) was used to separate proteins according to subunit molecular weight [35] on a 
15% gel which was then stained with Coomassie Blue to show all proteins present. 
20 The first five lanes (starting from the left-hand side) each show individual purification 
experiments using the Borate Wash Method followed by dextran affinity 
chromatography. Only one band is seen in every case indicating that protein 
homogeneity has been achieved. The gel, has been deliberately overloaded to 
demonstrate the absence of minor protein bands due to contamination or degradation 
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of the recombinant Con A. The last three lanes show total proteins (extracted by 
boiling in SDS-sample buffer) from bacterial cells expressing recombinant mature 
Con A. The degree of protein purification and consistency of the results is- clearly 
evident. 

Figure 8. MALDI-TOF mass spectrogram following affinity chromatography of 
recombinant mature Cori A refolded after using the Borate Wash Method. • • - 

Matrix Assisted Laser Desorption Ionisation - Time of Flight (MALDI-TOF) 
mass spectrometry was used to analyse a typical peak fraction eluted by 10 mM 
methyl a-D-mannopyranoside from dextran affinity chromatography after using the 
Borate Wash Method. A Kratos Kompact MALDI 3 instrument was used in linear, 
positive ion mode. The sample as eluted (protein concentration = 0.12 mg/ml) was 
applied directly to the grid with no further treatment Sinapinic acid was used as the 
matrix and data were acquired from 50 shots with a N 2 -laser. Bovine Serum Albumin 
was used as a calibration protein (not shown). 

A single species is seen with the expected mass for this version of 
recombinant mature Con A. It is clearly evident that there are no other molecules 
detected across the Mass/Charge range of 10,000 - 50,000 analysed here. 

Example 



Borate Wash Method for parifving recombin ant Con A variants from E. 

Borate wash buffer (1 litre). 



19 

20 mM borax (7.63 g Na 2 B 4 O 7 .10H 2 O, disodium tetraborate decahydrate) 
5 mM EDTA (1.86 g Na 2 EDTA.2H 2 Q, etiiylene-diamine-tetra-acetic acid, 
• - disodium salt, dihydrate) 

Made up to 1 litre with water, the pH was 9.1-9.2 and did not need to be adjusted. 

MOPS-metals buffer (1 litre). 

' lMNaCl (58.44 g sodium chloride) 

50 mM MOPS (10.5 g 3-(i^-morpholino)propanesulphonic acid ) 
Made up to 1 litre with water and pH adjusted to 7.0 at room temperature using 5 M 
NaOH. Calcium and manganese were added (1 ml each of 1 M CaCl 2 and 1 M 
MnCl 2 ) giving a final concentration for each metal of 1 mM. (To prevent their 
precipitation the Ca 2+ or Mn 2+ must not be added before the pH is adjusted.) 
Sodium azide (0.1 g NaN 3 ) was added as a preservative. 

T?Rfr>1rHtip buffer. 

The same MOPS-metals buffer made up as above was used, except that the final 
concentrations of calcium and manganese ions were 10 mM. 

Bacterial cell collection. 

The cells containing expressed recombinant Con A were harvested by centrifugation. 
Liquid culture (e.g. 500 ml) was spun at 6,400 X g for 15 min at 4°C. The supernatant 
was poured off and discarded. The pelleted cells were stored in a -80°C freezer until 
needed. 
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Extraction of cells. 

N.B. During this procedure, the correct volume ratios were maintained: for the frozen 
cell pellet obtained from each 250 ml aliquot of bacterial culture, a wash volume of 20 
ml was used in steps. 1 to 8 (below), and then 3 ml guanidine-HCl were used to 
solubilise the pelleted material at step 10 (below). This 3 ml aliquot of extract was 
then refolded by 30-fold dilution in refolding buffer (90 ml). 
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1. The frozen cell pellet from 500 ml of liquid culture was thawed in 40 ml borate 
wash buffer containing 1% (v/v) Triton-X-100. 

2. The cell pellet was re-suspended as much as possible using a glass rod and divided 
equally between two centrifuge tubes (e.g. clear Oakridge type, 50 ml size). 

3. Cells were broken open and DNA was sheared by 3 X 1 min ultra-sonication with 
tubes embedded in hard-packed ice. A sonicator {e.g. MSE Soniprep 150) set at 
maximum power was used with the probe ~ 5mm from the bottom of the tube. The 
suspension was allowed to cool for ~ 1 min between sonication periods. 

4. The cell lysate was incubated at room temperature for 10 - 60 min with gentle 
mixing on an oscillating platform. 

. 5. The cell debris was centrifuged at 48,400 X g for 20 min at 4°C. 
6. The supernatant was poured off carefully and the washed pellet was kept. The tube 
was drained by standing upside down on a piece of tissue paper. 
N.B. The pellet was made up of two parts - a lower harder more opaque part and an 
upper less dense translucent part. The upper part contained most of the Con A (about 
85%) and, particularly after washing with water (step 8 below), could become very 
light and was easily resuspended. Great care had to be taken when pouring off the 
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supernatant in case any of the pellet was lost. After the second (step 7) and third 
washes (step 8), the tube was not stood upside down on tissue as some of the pellet 
might have been lost. * 

7. Each pellet (now equivalent to material from 250 ml bacterial culture) was 
resuspended in 20 ml borate wash buffer without Triton-X-100 using 1 X 1 min 
sonication. It was then mixed at room temperature for 10 - 30 min, then centrifuged at 
48,400 X g for 20 min at 4°C, and drained, but not allowed to stand upside down. - ■ - 

8. The pellet was resuspended in 20 ml water using 1 X 1 min sonication and 
immediately centrifuged at 48,400 X g for 20 min at 4°C. The supernatant was 
carefully discarded without disturbing the pellet. 

9. The drained washed pellet was stored in a -80°C freezer until needed. 

10. The frozen pellet was thawed and a thin glass rod was used to break it up as finely 
as possible to give a creamy consistency. Bach pellet was quickly dissolved in 
denaturant (3 ml of 8 M guamdine-hydrochloride made up in refolding buffer), as 
follows. The guanidine-hydrochloride solution was added carefully as a layer on top 
of the creamed pellet and then a plastic pasteur pipette was used to mix the layers 
rapidly by vigorously sucking up and expelling the liquid. 

11. The guanidine-hydrochloride extract was mixed at room temperature for up to 1 h 
to ensure complete dissolution of material from the pellet Sonication (1 X 1 min at 

... room temperature) was sometimes carried out if undissolved material remained 
visible. At this stage, the two dissolved pellets were combined giving. 6 ml extract 
(containing material processed from 500 ml bacterial culture). 

12. The guanidine extract could be used immediately or frozen at -80°C for storage. 
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Refolding, 

1. The (thawed) guanidine extract was then refolded by rapidly diluting 30-fold into 
ice-cold refolding buffer: the 6 ml of "guanidine extract was poured into 180 ml of 
refolding buffer while swirling to mix. 

2. The refolding mixture was kept on ice for 1 h. 

3. The flask was then allowed to stand at room temperature for 1 h to complete the 
formation of any precipitate. - - - 

4. The refolded extract was centrifuged at 30,100 X g for 20 min at 4°C, and the clear 
supernatant was then loaded onto a dextran affinity column, usually overnight. 

Dextran affinity chromatography. 

1. A glass column (e.g. Pharmacia type C10, for a 10 x 65 mm bed) was packed with 
~ 5 ml settled bed of Sephadex G-75 (Pharmacia, dry particle size 40 - 120 urn) 
equilibrated in MOPS-metals buffer (0.5 ml/min). A new bed of affinity matrix was 
packed for every purification. 

2. Refolded extract (e.g. 180 ml) was pumped down the column overnight at 0.1 - 0.2 
ml/min. 

3. The column was washed (0.4 - 0.5 inl/min) with at least 10-bed volumes MOPS- 
metals buffer (50 ml) with A 28 o monitoring showing a flat baseline throughout. 

4.. The recombinant.Con A variant was men eluted (0.2 ml/min) by 10 mM melhyl o> 
D-mannopyranoside in MOPS-metals buffer. Fractions (10 - 15 X 1 ml) were 
collected while continuously monitoring A 28 o, and peak fractions were pooled 
5. Purified protein was quantified by UV-spectrophotometry (A 280 ). An absorption 
spectrum scan (250 - 300 nm) and other quality checks were performed. 



23- 



Results 

The problems of poor quality product, inconsistent yields and generally 
variable results with the purification method in the prior art [5] have been outlined 
earlier. An instance is illustrated in Figure 1, where inhomogeneous material 
continues to elute from the dextran column when the competing monosaccharide 
concentration is raised. This is interpreted as being due to the formation of a high 
molecular weight complex [1] where Con A cross-links glycogen and may entrap ■ 
other materials extracted from the bacterial cell. The multiple attachment sites for the 
dextran affinity matrix which would be available in such a complex by virtue of its 
Con A component would result in gradual detachment and disintegration of the 
complex in the presence of a sufficient concentration of competing monosaccharide. 
Although material can also be specifically released from dextran binding at lower 
eluant concentrations (Fig. 1), this clearly does not consist of protein alone (Fig. 2) 
and contains substances absorbing at 260 nm. This indicates that nucleic acids are 
associated and suggests that these complexes vary in their avidity for the dextran 
matrix. 

The variable and generally disappointing results (Figs. 3 and 4) from 
glycogen-deficient expression hosts [18] were discussed earlier. Some improvement 
was seen compared to glycogen-containing cells, confirming the likely role of 
glycogen in complexing with Con A but indicating that other contaminating materials 
were still associating with the protein. 

In contrast, the new Borate . Wash Method dramatically results in elution 
profiles (Fig. 5) and UV spectra (Fig. 6) corresponding to those of highly purified 
plant-derived Con A. This method consistently produces high quality protein (Fig. 7), 
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which in the case of the recombinant mature form shown, does not contain any of the 
fragmented polypeptides present in the natural product (compare Fig. 2 of ref. [5]). 
The stained SDS-PAGB- (Fig. -7) indicates purity with respect to protein, components, 
but the mass spectrogram (Fig. 8) confirms that other molecules are absent. 

Although the prime concern here has been to demonstrate the superiority of 
the new Borate Wash Method in producing a high quality product, it has also been a 
very important contributing€actor in-increasing the quantities of recombinant protein - 
obtainable. For example, yields of highly purified recombinant mature Con A of 10 - 
20 mg from 1 litre of bacterial culture have recently been routinely obtained. This 
represents an improvement of between one and two orders of magnitude on the yields 
itially obtained for recombinant forms of Con A [5]. 
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CLAIMS 

1. A method of purifying a recombinant glucose binding protein expressed in non- 
plant host cells comprising treating a lysate of said cells with a buffer in which 
5 glycogen is soluble, but in which said protein is insoluble. 

2. . A method as claimed in claim 1 wherein other impurities are also soluble in said 
buffer. 

3. A method as claimed in claim 1 or claim 2 wherein said buffer is a low ionic 
strength buffer (I < 0.3) with a pH between 8.5 and 9.5. 
10 4. A method as claimed in claim 3 wherein said buffer further comprises a.metal 
chelating agent. 

5. A method as claimed in claim 4 wherein said metal chelating agent is EDTA. 

6. A method as claimed in any one of claims 1 to 4 wherein said buffer further 
comprises a non-ionic detergent. 

15 7. A method as claimed in claim 6 wherein said non-ionic detergent is Triton-X-100. 

8. A method as claimed in any one of claims 1 to 7 wherein said buffer comprises 2- 
(cyclohexylamino)-ethanesulphonic acid. 

9. A method as claimed in any one of claims 1 to 7 wherein said buffer comprises 

borate. 

20 10. A method as claimed in claim 9 wherein said buffer -is 20 mM. Borax 
(Na 2 B4O 7 .10H 2 O.) 

11. A method as claimed in any one of claims 1 to 10 wherein said pH is between 
9.05-9.25. 

12. A method as claimed in any one of claims 1 to 1 1 wherein I< 0.1. 
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13. A method as claimed in any one of claims 1 to 12 wherein said non-plant host is a 
bacterium. 

14. A.method.as claimed in claim 13 wherein said bacterium is Escherichia coll 

15. A method as claimed in any one of claims 1 to 14 wherein said glucose binding 
protein is a glucose binding lectin. 

16. A method as claimed in claim 15 wherein said lectin is Concanavalin A. 

1 7. A protein isolated by a method as defined in.any one. of claims 1-16. ........ 

18. The use of a buffer in which glycogen is soluble, but in which a glucose binding 
protein is insoluble in the purification of a recombinant glucose binding protein 
expressed by a non-plant host cell. 

19. The use as claimed in claim 18 modified by any of the features as claimed in any 
one of claims 2 — 16. 

20. A recombinant glucose binding protein which is substantially free of glycogen, 
and optionally other impurities. 

21. A protein as claimed in claim 20, wherein said protein is a lectin. 

22. A protein as claimed in claim 21, wherein said lectin is Concanavalin A, or a 
mutant, or a variable valency or low valency form thereof. 
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.Figure 1. 




Figure 2. 
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Figure 3. 
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Figure 4. 
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Figure 5 
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Figure 6. 
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